is a scope of physiological response in renal tubules, and is not caused by nephrotoxicity of hPTH . These in uiuo results are supported by the finding in uitro that PTH enhances the release of lysosomal enzymes from isolated intestinal targeting cells, but not from non-targeting lung cells (4). However, the mechanisms underlying the urinary excretion of lysosomal enzymes caused by hPTH(1-34) and the effects of hPTH(1-34) on intracellular organelles have not been elucidated. Lysosomes in normal rat kidney cells, non-secretory cells, have the properties of exocytotic vesicles like gran ules in secretory cells (5). In activated mast cells, the granules swell, fuse with each other, protrude from the cell surface during the process of degranulation and then are released into the extracellular milieu (6, 7). From these data, we speculate that hPTH(1-34) induces changes in the density and/or morphology of intracellular organelles, especially lysosomes, before the excretion of lysosomal enzymes in urine. In this paper, we demonstrated for the first time changes in the density and morphology of lyso somes in proximal tubules of the rat kidney after treatment with hPTH the constant rate of 3ml/h. After infusion for 16 h, urine samples were collected every 30 min for 3 h. Human PTH(1-34) in 200pl of the nutrient solution containing 0.1% BSA per 250g body weight was intravenously infused at a dose of 20 U/kg for 3 min following the second urine collection. The urine samples collected were stored at 4°C, and the enzyme activities of NAG, ACP, cathepsin L, and cathepsin B and the amounts of creatinine were measured within 2 days. Analysis of the Density of Lysosomes in Rat Kidney-A mitochondrial-lysosomal fraction was prepared by the method of Ohshita and Kido (15) with a minor modification. Briefly, rats were fasted for 16 h prior to the experiment, then injected with hPTH(1-34) via a tail vein. After 5, 10, 20, or 30 min, the abdomen was opened under pentobar bital anesthesia, and the kidneys were excised and rinsed several times with ice-cold 0.25M sucrose. The cortices were separated from the medullae, and each pair of cortices was suspended in 10ml of 0.25M sucrose, then mildly disrupted with a Potter-type Teflon homogenizer. The homogenate was centrifuged twice at 540 x g for 10 min at 4°C to remove blood cells, and the supernatant (postnuclear supernatant) was centrifuged at 18,000X g for 20 min at 4°C. The precipitated mitochondria-lysosome fraction was carefully suspended in 24ml of 40% iso-osmotic Percoll and centrifuged at 93,000 X g for 60 min at 4°C. After centrifugation, fractions of 1ml were collected from the bottom of the tube for measurement of the activities of NAG, ACP, cathepsin L, cathepsin B, and succinate re ductase. The density of each fraction was calibrated using density marker beads.
Electron Microscopy-Kidneys from rats fasted for 16 h were excised 5, 10, 20, and 30 min after the injection of hPTH(1-34) under pentobarbital anesthesia. Renal cortices were immediately cut into small pieces and prefixed with 2.5% glutaraldehyde in 0.1M phosphate buffer, pH 7.2, at 4°C. One hour later, they were rinsed several times with 0.2 M phosphate buffer, pH 7.2, then fixed with 1% osmium tetroxide in 0.2M phosphate buffer, pH 7.2, for I hat room temperature. After fixation, the tissues were dehydrated through an ascending ethanol series and embedded in EPON 812. Ultrathin sections were cut with an ultramicrotome (Reichert-Jung, Nussloch, Germany) and stained with uranyl acetate and lead citrate. Electron micrographs were obtained using a JEM-1200EXII microscope (Japan Electronics, Tokyo).
For determination of the size of lysosomes in proximal tubules, electron micrographs were taken at a magnification of 3,000 x and developed to a final magnification of 6,000 x . Five to seven fields in a micrograph of tubules were selected at random, and the lengths and widths of all lysosomes in the fields were measured. Small granules of less than 2 mm in diameter in the developed micrographs were excluded, since it was difficult to determine from their morphology whether they were lysosomes or not.
Preparation of Anti-Mouse NAG a-Subunit Antibodies-In this study, the C-terminal 16 amino acid peptide (16) of the mouse NAG a-subunit (NH2-Ala-Gln-ProIle-Ser-Val-Gly-Tyr-Cys-Glu-Gln-Glu-Phe-Glu-Gln-Thr-COOH, purity greater than 90%) was synthesized, because the amino acid sequence of rat NAG was not available at the time of experiment. Antiserum against the peptide was prepared by the method of Kominami and Katunuma (17). 
RESULTS
Effect of hPTH(1-34) on Urinary Excretion of Lyso somal Enzymes-We studied the effect of hPTH(1-34) on urinary excretion of the abundant lysosomal enzymes, such as NAG, ACP, cathepsin L, and cathepsin B, in normal rat kidney. As shown in Fig. 1, limited amounts of all lysosomal enzymes tested were constitutively detected in urine, and hPTH(1-34) increased the urinary excretion of these lyso somal enzymes. The relative increase in the levels of NAG, ACP, cathepsin L, and cathepsin B by hPTH(1-34) was 3.0-, 1.8-, 1.3., and 1.4-fold, respectively. Induction of urinary excretion of all these lysosomal enzymes was observed within the first 30 min after infusion of hPTH , and the values returned to the basal levels by 60 min (Fig. 1) . On the other hand, urinary excretion of non-lyso somal enzymes, namely, alkaline phosphatase, leucine NAG Is Excreted in Urine in a Mature Form-The precursors of lysosomal proteins are processed during trafficking through the endoplasmic reticulum and Golgi apparatus and finally converted to the mature forms in acidic organelles, i.e., endosomes/lysosomes (19). To determine which organelle or traffic process is affected by hPTH(1-34), resulting in the urinary excretion of lyso somal enzymes, we determined the molecular mass of NAG in urine by means of SDS-PAGE and Western immunoblot ting. The molecular masses of the protein band of NAG in urine before and after hPTH(1-34) infusion were both 54 kDa (Fig. 3) , which is identical to that of the mature form of NAG in rat renal lysosomes, mouse macrophages (20), and human fibroblasts (21). The intensity of the NAG band was higher after hPTH(1-34) infusion than before infusion. These results suggest that excretion into urine of the mature form of NAG and, presumably, that of the mature forms of other enzymes in the endosomes/lysosomes is stimulated by hPTH(1-34) .
Slight but Significant Changes in the Density of Renal Lysosomes-It is unclear what cellular events underlie the increased urinary excretion of lysosomal enzymes in re sponse to hPTH(1-34). Thus, we first examined the effect of hPTH(1.34) on the density of renal lysosomes by Percoll density gradient centrifugation. The density distribution of lysosomes was determined as those of the lysosomal marker enzymes, NAG, ACP, cathepsin L, and cathepsin B. As shown in Fig. 4A , a broad density distribution of renal lysosomes (1.04-1.14g/ml), with two peaks at densities around 1.12 and 1.06g/ml, was observed, and each enzyme was distributed in lysosomes with various densities. NAG and cathepsins were more frequent in the higher density fractions of lysosomes, while the distribution of ACP was greater in the lower density fractions. These data are consistent with those reported previously (15). The differ ence in the distribution of these lysosomal enzymes might reflect the heterogeneity of lysosomes. In the vehicle-treat ed group, the distribution of lysosomal density was un changed during the experimental periods. When hPTH(1-34) was administered intravenously, the fraction of heavy lysosomes at the density of around 1.12g/ml increased slightly but significantly 5-10 min after the administration, with a concomitant and slight decrease in the fractions of lysosomes of intermediate density (1.07-1.08g/ml) (n=6) (Fig. 4A) . The change in the density distribution of lyso somes caused by hPTH(1-34) was transient and was found to be similar on analysis of the four different lysosomal marker enzymes. This change completely disappeared 20 min after the administration of hPTH(1-34) (Fig. 4B) . Human PTH (1-34) , however, did not affect the densities of mitochondria at any experimental time, as determined from the distribution of the activity of a mitochondrial marker enzyme, succinate reductase (data not shown).
Changes in the Size of Tubular Lysosomes-Since the change in lysosomal density caused by hPTH(1-34) maybe associated with a change in their morphology, we next examined morphology of the lysosomes and other intracel lular organelles of proximal and distal tubules in the kidneys of rats 5, 10, and 20 min after the administration of hPTH(1-34). Light microscopic analyses of the glomerular and tubular structures of rat kidney revealed no mor phological changes in these tissues between 5 min and 2 h 
DISCUSSION
The present study revealed that hPTH(1-34) transiently increased the urinary excretion of not only NAG but also ACP, cathepsin L, and cathepsin B, which are major lysosomal enzymes in kidney. Since no increase in NAG in serum was detected in rats after infusion of hPTH(1-34) for 30min, the enzyme excreted in urine originated from the kidney. This strongly suggests that other lysosomal en zymes may also originate from the kidney, but this remains to be confirmed. However, the excretion of lysosomal enzymes by hPTH(1-34) was transient and of limited amount, with each enzyme excreted accounting for less than 0.1% of the corresponding total lysosomal enzyme in rat kidney. The time course of slight but significant changes in both the density and the size of renal lysosomes induced by hPTH(1-34) were compatible with that of the limited excretion of these lysosomal enzymes in urine. 14.
